1. Introduction {#s1}
===============

Coronary artery disease (CAD) is a leading cause of mortality and morbidity in diabetics, accounting for 70%--80% of deaths.[@b1],[@b2] Diabetes makes up to 20%--35% of all patients undergoing coronary revascularization.[@b3],[@b4] In diabetics, CAD tends to be diffuse having more complex lesions involving multiple vessels.[@b5] This makes effective revascularization difficult.

Several randomized trials have shown that coronary artery bypass graft surgery (CABG) is superior to percutaneous coronary intervention (PCI) in patients with diabetes and multi-vessel disease (MVD) mainly due to lower repeat revascularization rates.[@b6]--[@b11] However, whether the advantage of CABG over PCI is confined to diabetics who require insulin is not known. Patients who require insulin often have more long-standing diabetes with failed oral hypoglycemic therapies.[@b12] They have more cardiovascular risk factors with more complex end-organ macro- and micro-vascular complications.[@b13],[@b14] If the protective effect of CABG over PCI is limited to diabetics who require insulin, then there will be a huge impact, as the majority of diabetics are not insulin dependent and many are not insulin requiring.

We report a recent review of the literature comparing outcomes with CABG versus PCI in diabetics with MVD stratified by insulin requirement.

We included both randomized, controlled trials and prospective observational studies published before August 2013, involving adults (\> 18 years old) with stable or unstable angina or non ST-segment Elevation Myocardial Infarction (STEMI), and had reported outcome stratified by insulin requirement. We specifically excluded studies involving patients with STEMI. Study end-points were (1) all-cause mortality, (2) major adverse cardiac and cerebrovascular events (MACCE), defined as all-cause mortality, cerebrovascular accidents (CVA), non-fatal myocardial infarction (MI), and repeat revascularization of any type, (3) composite of all-cause mortality, MI and CVA and (4) cardiac mortality.

From each of the included studies, data were extracted for the number and frequency of events at the final, or latest time-point reported. This was done separately for patients requiring insulin and for patients not requiring insulin. These data were analyzed by a random effects meta-analysis of relative risks using the user supplied METAN routine in Stata v13. In cases where exact patient number with events were not provided, we used the event rate read from the Kaplan --Meier (K-M) curve at the longest follow-up period.

To discern if the insulin requirement status alters the outcome, the comparing of CABG *vs*. PCI bymeta-regression is applied. This is a random effects regression weighted by the inverse of the variance of the effect size. This approach allows evaluation of outcomes to include some baseline variables that are different in the studies being analyzed.[@b15]--[@b17] Meta-regression was performed using the METAREG function of Stata, which performs random-effects meta-regression using aggregate-level data weighted by the inverse of the variance of the effect size. This function uses an iterative method to produce estimates of regression parameters, their asymptotic variances, and the residual heterogeneity variance.

2. Major findings {#s2}
=================

[Figure 1](#jgc-11-01-083-g001){ref-type="fig"} shows the stepwise results from the literature search. From the included final 6 publications (4,786 patients), we performed our analysis. [Table 1](#jgc-11-01-083-t01){ref-type="table"} summarizes their characteristics. These 6 publications described 8 cohorts: 4 randomized controlled trials (RCTs) cohorts and 4 prospective observational cohorts. One of the included publications[@b18] reported outcomes from the Bypass Angioplasty Revascularization Investigation (BARI) randomized trial and the BARI non-randomized registry. Another described results from both Arterial Revascularization Therapy I and II trials (ARTS).[@b19] Also, the paper which described EMORY registry (EMORY) data[@b20] reported outcomes for the insulin requiring group,but not for the non-insulin requiring group.

![Summary of study selection process.\
CABG: coronary artery bypass graft; PCI: percutaneous coronary intervention.](jgc-11-01-083-g001){#jgc-11-01-083-g001}

###### Baseline characteristics of included studies.

  Study \[Reference\]          Number of subjects   Duration, yrs       Definition of diabetes       Type of PCI   Coronary lesions                                  Outcome reported
  --------------------------- -------------------- --------------- -------------------------------- ------------- ------------------ ---------------------------------------------------------------------------------
  **Randomised Trials**         (PCI *vs*. CABG)                                                                                     
   BARI [@b18]                   170 *vs.* 173            5            Hypoglycemics or Insulin         PTCA             MVD                              All-cause mortality, cardiac-mortality
   SYNTAX [@b21]                 227 *vs.* 204            1            Hypoglycemics or Insulin          DES           MVD/LMD        All-cause mortality, MACCE\*, cardiac mortality, composite of death, MI and CVA
   CARDIA [@b22]                 253 *vs.* 248            1         Diet, Hypoglycemics or Insulin    DES + BMS          MVD                              MACCE\*, composite of death, MI and CVA
   ARTS-I [@b19]                  112 *vs.* 96            3         Diet, Hypoglycemics or Insulin       BMS             MVD                                              MACCE\*
  **Prospective cohorts**       (PCI *vs.* CABG)                                                                                     
   BARI [@b18]                   182 *vs.* 117         5 years         Hypoglycemics or Insulin         PTCA             MVD                              All-cause mortality, cardiac-mortality
   ARTS-II^\#^[@b19]              159 *vs.* 96         3 years      Diet, Hypoglycemics or Insulin       DES             MVD                                              MACCE\*
   EMORY [@b20]                  810 *vs.* 1731       10 years      Diet, Hypoglycemics or Insulin      PTCA             MVD                                        All-cause mortality
   Japanese Registry [@b23]       92 *vs.* 116         3 years      Diet, Hypoglycemics or Insulin       DES             MVD                                        All-cause mortality

\*MACCE: Defined as all-cause mortality, non-fatal MI, CVA and repeat revascularisation; ^\#^Comparison made between a prospective cohort (PCI) *vs.* historical control group (CABG). ARTS: arterial revascularisation therapy study; BARI: bypass angioplasty revascularization investigation; BMS: bare metal stent; CABG: coronary artery bypass graft; CARDIA: coronary artery revascularization in diabetes; CVA: cerebrovascular accident; DES: drug eluting stent; LMD: left main disease; MACCE: major adverse cardiac and cerebrovascular events; MI: myocardial infarction; MVD: multi-vessel disease; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angioplasty; SYNTAX: SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.

Six of the 8 included cohorts defined diabetes as those requiring dietary modifications, oral hypoglycaemics or insulin. BARI[@b18] and SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery (SYNTAX)[@b21] trials defined diabetes as those requiring oral hypoglycaemics or insulin. Diabetes was a predefined subgroup in all studies except BARI.[@b18]

Of the 4,786 included patients, 1,602 were insulin requiring 3,184 non- insulin requiring; 2,005 were treated with PCI and 2,781 with CABG. As for the method of PCI, the BARI trial, BARI registry,[@b18] and EMORY[@b20] used percutaneous transluminal coronary angioplasty (PTCA) while ARTS I used bare metal stent (BMS) and Coronary Artery Revascularization in Diabetes (CARDIA) trial[@b22] used a mixture of BMS and drug eluting stent (DES). The remaining studies, including SYNTAX, used DES. The average follow- up duration was 6.6 years, ranging from 1 to 10 years ([Table 1](#jgc-11-01-083-t01){ref-type="table"}).

3. All cause morality {#s3}
=====================

Overall the mortality rate was lower in diabetic patients treated with CABG compared to PCI (relative risk (RR): 0.78, 95% confidence interval (95%CI): 0.62--0.99, [Figure 2](#jgc-11-01-083-g002){ref-type="fig"}). Visual inspection of the forest plot showed that the point estimates of the relative risk were very similar between the insulin requiring group (RR: 0.79, 95%CI: 0.62--1.02) and non-insulin requiring group (RR: 0.81, 95%CI: 0.44--1.48).

A separate analysis with the two RCTs showed that within the insulin requiring group, patients treated with CABG had approximately 40% lower risk of mortality compared to those treated with PCI (RR: 0.60, 95%CI: 0.39--0.90). The interaction term from meta-regression between insulin use and treatment method (PCI *vs*. CABG) was not significant (*P* = 0.952 for all studies, *P* = 0.778 for RCTs only, [Table 2](#jgc-11-01-083-t02){ref-type="table"}).

![Forest plot showing all-cause mortality stratified by insulin requirement (CABG *vs*. PCI).\
The EMORY registry reported K-M curves for the whole cohort and the insulin requiring group. It was considered that subtraction of the 2 K-M curves would involve too many assumptions so only results in the insulin requiring group were reported. BARI: bypass angioplasty revascularization investigation; CABG: coronary artery bypass graft; CI: confidence interval; PCI: percutaneous coronary intervention; Reg: registry data; RR: relative risk; SYNTAX: SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.](jgc-11-01-083-g002){#jgc-11-01-083-g002}

4. MACCE {#s4}
========

[Figure 3](#jgc-11-01-083-g003){ref-type="fig"} shows that the overall MACCE rate was lower in diabetic patients treated with CABG than those treated with PCI (RR: 0.59, 95%CI: 0.47--0.75). This was present for both insulin groups. Visual inspection of forest plots showed that the point estimates of the relative risk were very similar between the insulin requiring group (RR: 0.59, 95%CI: 0.42--0.83) and non-insulin requiring group (RR: 0.58, 95%CI: 0.41--0.83). An analysis of MACCE with just RCTs revealed a RR of 0.52 favoring CABG, which is no different from the overall analysis.

###### *P* values from meta-regression of interaction term between insulin and study type and outcomes.

  Outcome                                          All studies   RCTs    Cohort
  ----------------------------------------------- ------------- ------- --------
  All cause mortality                                 0.952      0.778   0.677
  MACCE                                               0.883      0.947   0.563
  Composite of all-cause mortality, MI and CVA.       0.182      0.182    --\*
  Cardiac death                                       0.307      0.470   --^\#^

\*No observational studies reported composite outcome of all-cause mortality, MI and CVA; ^\#^Only one observational study reported cardiac death and meta-regression was not performed. CVA: cerebrovascular accidents; MACCE: major adverse coronary and cerebrovascular events; MI: myocardial infarction; RCTs: randomised controlled trials.

The interaction term from meta-regression of insulin use and treatment method was not significant for MACCE (*P* = 0.883 for all studies, and *P* = 0.947 for RCTs, [Table 2](#jgc-11-01-083-t02){ref-type="table"}).

5. Composite of all-cause mortality, MI and CVA {#s5}
===============================================

Of the eight included cohorts, only two RCTs (CARDIA and SYNTAX) reported the composite of all-cause mortality, MI, and CVA by insulin requirements ([Figure 4](#jgc-11-01-083-g004){ref-type="fig"}). Among diabetics treated with insulin, this composite endpoint tended to be lower in those treated with CABG compared to those treated with PCI (RR: 0.57, 95%CI: 0.33-- 1.00). Among the non-insulin requiring diabetics, there was no difference in outcome between CABG and PCI (RR: 1.23, 95%CI: 0.75--2.03). The interaction term from meta- regression of insulin use and treatment method was not significant (*P* = 0.182, [Table 2](#jgc-11-01-083-t02){ref-type="table"}.)

6. Cardiac mortality {#s6}
====================

In all diabetics with MVD, the risk of cardiac mortality was 52% lower in patients treated with CABG compared to PCI (RR: 0.48, 95%CI: 0.31--0.72, [Figure 5](#jgc-11-01-083-g005){ref-type="fig"}). Visual inspec- tion suggested that the point estimate of the relative risk was lower in the insulin requiring group (RR: 0.37, 95%CI: 0.20-- 0.67) than in the non-insulin requiring group (RR: 0.64, 95%CI: 0.32--1.27). A separate analysis with only RCTs (BARI and SYNTAX) did not reveal much difference in treatment effect between the two diabetic groups. The interaction term from meta-regression of insulin use and treatment method was not significant (*P* = 0.307, [Table 2](#jgc-11-01-083-t02){ref-type="table"}).

![Forest plot showing MACCE stratified by insulin requirement (CABG *vs*. PCI).\
ARTS: arterial revascularisation therapy study; CABG: coronary artery bypass graft; CARDIA: coronary artery revascularization in diabetes; CI: confidence interval; MACCE: major adverse cardiac and cerebrovascular events; PCI: percutaneous coronary intervention; Reg: registry data; RR: relative risk; SYNTAX: SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.](jgc-11-01-083-g003){#jgc-11-01-083-g003}

![Forest plot showing composite of all-cause mortality, MI and CVA stratified by insulin requirement (CABG *vs*. PCI).\
CABG: coronary artery bypass graft; CARDIA: coronary artery revascularization in diabetes; CI: confidence interval; CVA: cerebrovascular accidents; MI: myocardial infarction; PCI: percutaneous coronary intervention; RR: relative risk; SYNTAX: SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.](jgc-11-01-083-g004){#jgc-11-01-083-g004}

![Forest plot showing cardiac mortality stratified by insulin requirement (CABG *vs*. PCI).\
BARI: bypass angioplasty revascularization investigation; CABG: coronary artery bypass graft; CI: confidence interval; PCI: percutaneous coronary intervention; Reg: registry data; RR: Relative risk; SYNTAX- SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery.](jgc-11-01-083-g005){#jgc-11-01-083-g005}

7. Discussion {#s7}
=============

In the current review including 4,786 diabetics with MVD, CABG provides statistically significant advantages over PCI, with lower rates of all-cause mortality, cardiac mortality and MACCE. The status on insulin requirement has no effect on the relative advantage of CABG over PCI.

The optimal revascularization method in diabetics with MVD has been investigated previously. Two separate meta-analyses by Hoffman, *et al*.[@b24] and by Daemen, *et al*.[@b25] found no difference in all-cause mortality between CABG and PCI. A separate patient level data meta-analysis of 10 RCTs by Hlatky *et al*.[@b26] found increased mortality in those treated with PCI. Another recent meta-analysis by Zhang *et al*.[@b27] including more recent trials such as SYNTAX and CARDIA also found increased mortality in those treated with PCI. These findings should be interpreted in the context that all avenues of patient management: medications, CABG, PCI have been continuously evolving over the period, so that earlier reviews may not be as applicable.

The finding from our analysis (21% lower all-cause mortality risk with CABG versus PCI) supporting the superiority of CABG over PCI adds to the literature. Of note, we only included studies that reported status of insulin requirement. Our neutral finding between the two revascularization methods on the composite endpoint of mortality, MI and CVA is likely because of the fact that the risks of CVA is generally higher with CABG.[@b28] Our overall findings are consistent with the patient level meta-analysis from Daemen *et al*.[@b25] published 5 years ago which included different studies than ours. Our current study, despite using stringent inclusion criteria requiring data on insulin status, has included the more recent trials of CARDIA and SYNTAX.

In the recent FREEDOM trial recruiting patients from 2005 to 2010, 1900 patients with diabetes and multivessel disease were randomized to undergo either PCI with DES, or CABG,[@b29] and were followed-up for a median of 3.8 years. Comparing the PCI group with the CABG group, the 5-year K-M rate was higher for all-cause mortality (16.3% *vs*. 10.9%, *P* = 0.049) but not different for cardiovascular mortality (10.9 *vs*. 6.8%, *P* = 0.12). The 5 year K-M rate was also higher for MI (13.9 *vs*. 6.0%, *P* \< 0.001), but for CVA this was lower (2.4% *vs*. 5.2%, *P* = 0.03). For the primary endpoint in FREEDOM (combined rate of death, MI, or CVA) the 5-year K-M rate was 26.6% *vs*. 18.7%, *P* = 0.005; suggesting that CABG was of greater benefit than PCI.[@b29]

Theoretically, an advantage of CABG over PCI in one subset of diabetics may be offset by a disadvantage in the remainder so that the overall result is relatively neutral. In our meta-regression analysis, there is no interaction between the status of insulin requirement and outcome after the 2 different revascularization strategies. In diabetics, the advantage of having CABG over PCI as the revascularization strategies persists regardless of the status of insulin requirement. Recently, the FREEDOM investigators presented their yet unpublished analysis in the 2013 October Transcatheter Cardiovascular Therapeutics (TCT) meeting. Among non-insulin treated patients, 5-year K-M mortality rate was 14.5% in the PCI group and 9.3% in the CABG group (an advantage of 5.2% with CABG). Among insulin treated patients, 5-year K-M mortality rate was 19% in the PCI group and 14.1% in the CABG group (an advantage of 5.1% with CABG). Findings on the other endpoints of stroke, MI and MACCE are similar showing insulin use did not alter the relative outcome between the PCI group and the CABG group. The interaction *P* value is non-significant for all reported endpoints.

In conclusion, there is likely a significant survival (mortality) and event free (MAACE) advantage favoring CABG over PCI in diabetic patients with MVD. The status of insulin requirement does not influence the outcome after different modes of revascularization. This important finding is similar to the presented result of the insulin and non-insulin subsets analyses of the FREEDOM trial. In diabetics with MVD, insulin requirement should not be used to determine the revascularization strategy.
